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(57) ABSTRACT 
A method of fabricating a Substrate for an organic electrolu 
minescent device includes forming a first electrode on a 
Substrate having a pixel region; forming an insulating layer 
on the first electrode at a boundary of the pixel region; 
forming an electroluminescent layer on the first electrode in 
the pixel region by printing a Solution type electrolumines 
cent material; forming a Second electrode material layer on 
an entire Surface of the Substrate having the electrolumines 
cent layer and the insulating layer, and oxidizing or ablating 
by laser the Second electrode material layer at the boundary 
of the pixel region to form a Second electrode in the pixel 
region and a metal oxide layer at the boundary of the pixel 
region. 

32Ob. . . . . 
  



Patent Application Publication Jun. 30, 2005 Sheet 1 of 18 US 2005/0142974 A1 

FIG. I. 

Related Art 

FIG 2 

Related Art 

  

  



Patent Application Publication Jun. 30, 2005 Sheet 2 of 18 US 2005/0142974 A1 

FIG. 3 

Related Art 

. GL 
  



Patent Application Publication Jun. 30, 2005 Sheet 3 of 18 US 2005/0142974 A1 

FIG. 4A 

Related Art 

N. N 

  



Patent Application Publication Jun. 30, 2005 Sheet 4 of 18 US 2005/0142974 A1 

FIG. 4C 

Related Art 

Related Art 

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Jun. 30, 2005 Sheet 5 of 18 US 2005/0142974 A1 

FIG. 4E 

Related Art 

  



Patent Application Publication Jun. 30, 2005 Sheet 6 of 18 US 2005/0142974 A1 

FIG. 4F 

Related Art 

FIG. 5 
  



Patent Application Publication Jun. 30, 2005 Sheet 7 of 18 US 2005/0142974 A1 

FIG. 6A 

  



Patent Application Publication Jun. 30, 2005 Sheet 8 of 18 US 2005/0142974 A1 

FIG. 6C 

  



Patent Application Publication Jun. 30, 2005 Sheet 9 of 18 US 2005/0142974 A1 

FIG. 6E 

  



Patent Application Publication Jun. 30, 2005 Sheet 10 of 18 US 2005/0142974 A1 

FIG. 7B 

  



Patent Application Publication Jun. 30, 2005 Sheet 11 of 18 US 2005/0142974 A1 

FIG. 7D 

410 404b. . . . 

EC 11. A 402 

FIG. 7E 

L. Li E2. 

  



Patent Application Publication Jun. 30, 2005 Sheet 12 of 18 US 2005/0142974 A1 

FIG. 7F 

--470 

...E. Z. 

  

  

  

  

  

  

  

    

  

  

  

    

  



Patent Application Publication Jun. 30, 2005 Sheet 13 of 18 US 2005/0142974 A1 

FIG. 8A 

  



Patent Application Publication Jun. 30, 2005 Sheet 14 of 18 US 2005/0142974 A1 

FIG. 8C 
  



Patent Application Publication Jun. 30, 2005 Sheet 15 of 18 US 2005/0142974 A1 

FIG. 8E 

  



Patent Application Publication Jun. 30, 2005 Sheet 16 of 18 US 2005/0142974 A1 

FIG. 9B 

2 É: % 

  



Patent Application Publication Jun. 30, 2005 Sheet 17 of 18 US 2005/0142974 A1 

FIG. 9D 

610 604b 

% 

  

  

  

  

      

  

  



Patent Application Publication Jun. 30, 2005 Sheet 18 of 18 US 2005/0142974 A1 

FIG. 9G 

. . . . . . . . . . . . . . . . VA 

. . . . . ... : EEZ. YZZY ... ::::::% 
  

  

  



US 2005/0142974 A1 

ORGANIC ELECTROLUMNESCENT DEVICE 
AND FABRICATING METHOD THEREOF 

0001. The present invention claims the benefit of the 
Korean Patent Application No. 2003-100676 filed in Korea 
on Dec. 30, 2003, which is hereby incorporated by reference 
for all purposes as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an organic elec 
troluminescent device (ELD), and more particularly to a 
dual plate type organic ELD and a method of fabrication 
thereof. 

0004 2. Discussion of the Related Art 
0005. In general, an organic ELD emits light by injecting 
electrons from a cathode and holes from an anode into a 
luminescence layer, combining the electrons with the holes, 
generating excitons, and transitioning the excitons from an 
excited State to a ground State. Compared to a liquid crystal 
display (LCD) device, an additional light Source is not 
necessary for the organic ELD to emit light because the 
transition of the excitons between the two States causes light 
to be emitted. Accordingly, the size and weight of the 
organic ELD can be reduced. The organic ELD has other 
excellent characteristics Such as low power consumption, 
Superior brightness, and fast response time. Because of these 
characteristics, the organic ELD is regarded as a promising 
display for next-generation consumer electronic applications 
Such as cellular phones, car navigation System (CNS), 
personal digital assistants (PDA), camcorders, and palmtop 
computers. Moreover, Since fabricating the organic ELD is 
a simple process with few processing Steps, it is much 
cheaper to produce an organic ELD than an LCD device. 
0006 Two different types of organic ELDs exist: passive 
matrix and active matrix. While both the passive matrix 
organic ELD and the active matrix organic ELD have a 
Simple Structure and are formed by a simple fabricating 
process, the passive matrix organic ELD requires a relatively 
high amount of power to operate. In addition, the display 
Size of a passive matrix organic ELD is limited by its 
Structure. Furthermore, as the number of conductive lines 
increases, the aperture ratio of a passive matrix organic ELD 
decreases. In contrast, active matrix organic ELDS are 
highly efficient and can produce a high-quality image for a 
large display with a relatively low power. 
0007 FIG. 1 is an energy band diagram of an organic 
ELD. As shown in FIG. 1, an anode 1 and a cathode 7 are 
Spaced apart from each other. A luminescence layer 4 is 
interposed between the anode 1 and the cathode 7. A hole 
transporting layer 3 is interposed between the anode 1 and 
the luminescence layer 4, and an electron transporting layer 
5 is interposed between the luminescence layer 4 and the 
cathode 7 to improve luminescence efficiency. The hole 
injected from the anode 1 and the electron injected from the 
cathode 7 combine in the luminescence layer 4, and light 
corresponding to an energy between the hole and the elec 
tron is emitted from the excitons. The anode 1 may be made 
of a transparent conductive material having a high work 
function and, the cathode 7 may be made of a metallic 
material having a low work function and Stable chemical 
property. 
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0008 FIG. 2 is a schematic cross-sectional view of a 
bottom emission type organic ELD according to a related 
art. In FIG. 2, an array element 14 including a thin film 
transistor (TFT) “T” is formed on a first substrate 10. A first 
electrode 16, an organic electroluminescent (EL) layer 18, 
and a Second electrode 20 are formed over the array element 
14. The organic EL layer 18 may separately display red, 
green, and blue colors in each pixel region. Generally, the 
divided organic materials are used to emit light of each color 
for the organic EL layer in each pixel region. An organic 
ELD is encapsulated by attaching the first substrate 10 to a 
Second Substrate 28 with a sealant 26. The second Substrate 
28 includes a moisture absorbent material 22 to eliminate 
moisture and oxygen that may penetrate into a capsule of the 
organic EL layer 18. After etching a portion of the Second 
substrate 28, the etched portion is filled with the moisture 
absorbent material 22 and the filled moisture absorbent 
material is fixed by a holding element 25. 
0009 FIG. 3 is an equivalent circuit diagram of the 
organic ELD according to the related art. In FIG. 3, a gate 
line “GL crosses a data line “DL', and a Switching element 
“T” at a crossing of the gate line "GL" and the data line 
“DL is connected to the gate line "GL" and the data line 
“DL.” A driving element “T” is electrically connected to 
the Switching element “Ts and an organic electrolumines 
cent diode "D.’ A Storage capacitor “Cs” is formed 
between a driving gate electrode "D2" and a driving drain 
electrode “D6” of the driving element “T,” and the organic 
electroluminescent diode "D" is connected to a power line 
“PL. 

0010 When a scan signal of the gate line “GL is applied 
to a Switching gate electrode "S2’ of the Switching element 
“Ts, an image Signal of the data line "DL' is applied to the 
driving gate electrode “D2” of the driving element “T” 
through the Switching element “Ts.” The current density of 
the driving element “T” is modulated by the image signal 
applied to the driving gate electrode "D2. As a result, the 
organic electroluminescent diode "D' can display images 
with gray Scale levels. Moreover, because the image Signal 
Stored in the Storage capacitor"Cs” is applied to the driving 
gate electrode “D2, the current density flowing into the 
organic electroluminescent diode "D' is uniformly main 
tained until the next image Signal is applied, even when the 
Switching element “T” is turned off. The Switching element 
“Ts and the driving element “T” may be a polycrystalline 
silicon TFT or an amorphous silicon TFT. The process of 
fabricating an amorphous Silicon TFT is simpler than the 
process for a polycrystalline silicon TFT. 
0011. Meanwhile, the organic ELD should have red, 
green and green organic EL layers in each pixel region to 
display full color. The organic EL layers are divided by 
Separators having an inverted trapezoid shape to provide a 
Stable coating process for the organic EL layer. In an organic 
ELD having Such separators, the organic EL layers are 
formed by dropping or injecting a Solution type organic EL 
material in the pixel regions Surrounded by the Separators. 

0012 FIGS. 4A to 4F are schematic cross-sectional 
ViewS illustrating a fabricating process of an organic ELD 
including an inkjet-printing Step according to the related art. 

0013. In FIG. 4A, a substrate 30 includes emission 
regions “C” and non-emission regions "D' adjacent to the 
emission regions “C.” First electrodes 32 (an anode) are 
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formed on the substrate 30 in the emission regions “C” by 
depositing a transparent conductive material. In addition, a 
buffer layer 34 is formed on the substrate 30 in the non 
emission regions "D' and overlaps an edge portion of the 
first electrodes 32. The buffer layer 34 may be made of 
silicon nitride (SiNx) or silicon oxide (SiO). In addition, 
thin film transistors (TFTs) “T” are formed between the 
Substrate 30 and the first electrodes 32, and are connected to 
the first electrodes 32 in each of the pixel regions “P” 
Although not shown in FIG. 4A, the TFT “T” includes a 
Switching TFT and a driving TFT, and the first electrode 34 
are connected to a driving drain electrode of the driving TFT. 
0014) In FIGS. 4B and 4C, an organic material layer 40 

is coated over an entire surface of the substrate 30 having the 
first electrodes 32 and the buffer layer. Then, a photo-resist 
layer 45 is coated on an entire Surface of the organic material 
layer 40, and a mask 50 having light-transmitting portions 
“m1” and light-shielding portions “m2” is disposed over the 
substrate 30. The photo-resist layer 45 is patterned by a 
photolithography process, which includes exposure and 
development Steps. Photo-resists are classified into a posi 
tive type and a negative type. When the photo-resist layer 45 
is a positive type, then the light-transmitting portions “m1’ 
exposed to light are removed during the development Step. 
On the other hand, when the photo-resist layer 45 is a 
negative type, then light-shielding portions “m2 are 
removed during the development step. In FIGS. 4B and 4C, 
because the photo-resist layer 45 is a negative type photo 
resist, the portions of the photo-resist layer 45 corresponding 
to the light-shielding portions “m2 are removed. Thus, the 
photo-resist layer 45 corresponding to the light-transmitting 
portions “m1 remains as photo-resist patterns 46, as shown 
in FIG. 4D. 

0015. In FIG. 4D, a plurality of separators 41 are formed 
by etching the organic material layer 40 (of FIG. 4C) using 
the photo-resist patterns 46 as a mask. During the etching 
step, the exposed organic material layer 40 (of FIG. 4C) 
between the photo-resist patterns 46 is removed by an 
etchant. The Separators 41 prevent color mixing, because the 
Separators 41 Surround each pixel region “P” Although not 
shown in FIG. 4D, the photo-resist patterns 46 are stripped 
off after forming the Separators 41. 
0016. In FIG. 4E, red, green and blue organic EL layers 
42a, 42b and 42c are formed on the substrate 30 having the 
Separators 41 by inkjet-printing red, green and blue organic 
EL materials. The red, green and blue organic EL layerS 42a, 
42b and 42c may be formed by dispensing each color 
organic EL material through an inkjet nozzle (not shown) in 
the pixel regions “P” surrounded by the separators 41. 
Because the Separators 41 are located at boundaries of the 
pixel regions “P” and have a predetermined height, color 
mixing of the red, green and blue organic EL layerS 42a, 42b 
and 42c can be prevented at the boundaries of the pixel 
regions “P” 

0017. In FIG. 4F, a second electrode 44 is formed over 
the Substrate 30 having the red, green and blue organic EL 
layers 42a, 42b and 42c in the pixel regions “P” When the 
Second electrode 44 functions as a cathode, the Second 
electrode 44 may be a metallic material having a low work 
function and a good reflectivity. 
0.018. However, in order to form the separators using an 
organic material, a photolithography process is required, 
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which includes the Steps of coating, exposure and develop 
ment. Therefore, production cost increases. In addition, 
because the height of the Separators formed of an organic 
material is relatively high, a metal layer that will be formed 
later on the organic electroluminescent layer may be unde 
Sirably cut during the deposition of the metal layer, leading 
to a manufacturing defect. Moreover, the organic material 
dispensed in the pixel regions by an inkjet method is not 
uniform. In particular, the thickness of the organic material 
near the Separators are thicker than the thickness of the 
organic material in other areas, as illustrated in FIG. 4F. 
This is called a pinning phenomenon which is caused by the 
Surface tension between the organic material and the Sepa 
ratorS. 

SUMMARY OF THE INVENTION 

0019. Accordingly, the present invention is directed to an 
organic ELD and a method of fabrication thereof that 
substantially obviate one or more of the problems due to 
limitations and disadvantages of the related art. 
0020. An advantage of the present invention is to provide 
an organic ELD with a simplified manufacturing process. 

0021 Additional features and advantages of the inven 
tion will be set forth in the description which follows, and 
in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and 
other advantages of the invention will be realized and 
attained by the Structure particularly pointed out in the 
written description and claims hereof as well as the 
appended drawings. 

0022. To achieve these and other advantages and in 
accordance with the purpose of the present invention, as 
embodied and broadly described, a method of fabricating a 
Substrate for an organic electroluminescent device includes 
forming a first electrode on a Substrate having a pixel region; 
forming an insulating layer on the first electrode at a 
boundary of the pixel region; forming an electroluminescent 
layer on the first electrode in the pixel region by printing a 
Solution type electroluminescent material; forming a Second 
electrode material layer on an entire Surface of the Substrate 
having the electroluminescent layer and the insulating layer; 
and oxidizing the Second electrode material layer at the 
boundary of the pixel region to form a Second electrode in 
the pixel region and a metal oxide layer at the boundary of 
the pixel region. 
0023. In another aspect, a method of fabricating a sub 
Strate for an organic electroluminescent device, includes 
forming a first electrode on a Substrate having a pixel region; 
forming a insulating layer on the first electrode at a boundary 
of the pixel region; forming an electroluminescent layer on 
the first electrode in the pixel region by printing a Solution 
type electroluminescent material; forming a Second elec 
trode material layer on an entire Surface of the Substrate 
having the electroluminescent layer and the insulating layer; 
and ablating the Second electrode material layer at the 
boundary by a laser to form a Second electrode in the pixel 
region. 

0024. In another aspect, a method of fabricating an 
organic electroluminescent device, includes forming an 
array element on a first Substrate having a pixel region, the 
array element having a thin film transistor, forming a first 



US 2005/0142974 A1 

electrode on a Second Substrate in the pixel region; forming 
an insulating layer on the first electrode at a boundary of the 
pixel region; forming an electroluminescent layer on the first 
electrode in the pixel region by printing a Solution type 
electroluminescent material; forming a Second electrode 
material layer on an entire Surface of the Second Substrate 
having the electroluminescent layer and the insulating layer; 
forming a Second electrode in the pixel region by Separating 
the Second electrode material layer; forming a connection 
electrode on one of the first and Second Substrate; and 
attaching the first Substrate to the Second Substrate with a 
Sealant, the first Substrate electrically connected to the 
Second Substrate by the connection electrode. 
0.025 In another aspect, an organic electroluminescent 
device includes a first electrode on a Substrate having a 
plurality of pixel regions, an insulating layer on the first 
electrode at boundaries of the pixel regions, a plurality of 
electroluminescent layerS on the first electrode in the pixel 
region; a plurality of Second electrodes on the electrolumi 
neScent layers, and a metal oxide layer on the insulating 
layer, the Second electrodes are electrically divided from 
each other by the metal oxide layer. 
0026. In another aspect, an organic electroluminescent 
device, includes a first electrode on a Substrate having a 
plurality of pixel regions, an insulating layer on the first 
electrode at boundaries of the pixel regions, a top Surface of 
the insulating layer has a hydrophobic property; a plurality 
of electroluminescent layerS on the first electrode in the 
pixel regions, the electroluminescent layerS has a hydro 
philic property; and a plurality of Second electrodes on the 
electroluminescent layers, the Second electrodes are physi 
cally divided from each other. 
0027. In another aspect, an organic electroluminescent 
device, includes: a first electrode on a Substrate having a 
pixel region; an insulating layer on the first electrode at a 
boundary of the pixel region; a separator on the insulating 
layer, the Separator has an inverted trapezoid shape Such that 
a width of the Separator gradually increases from a first side 
to a Second Side of the Separator, the first Side is closer to the 
Substrate than the Second Side; an electroluminescent layer 
on the first electrode in the pixel region; and a Second 
electrode on the electroluminescent layer, the Second elec 
trode physically divides for an adjacent Second electrode at 
the boundary. 

0028. In another aspect, an organic electroluminescent 
device, includes: first and Second Substrates facing and 
Spaced apart from each other, the first and Second Substrates 
having a pixel region; an array element on an inner Surface 
of the first Substrate in the pixel region, the array element 
having a thin film transistor, a first electrode on the inner 
Surface of the first Substrate; an insulating layer on the first 
electrode at a boundary of the pixel region; an electrolumi 
neScent layer on the first electrode in the pixel region; a 
Second electrode on the electroluminescent layer; a metal 
oxide layer on a top Surface of the insulating layer, the 
Second electrode electrically divides for an adjacent Second 
electrode by the metal oxide layer; and a connection elec 
trode electrically connecting to the first and the Second 
Substrates. 

0029. Yet, in another aspect, an organic electrolumines 
cent device, includes: first and Second Substrates facing and 
Spaced apart from each other, the first and Second Substrates 
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having a pixel region; an array element on an inner Surface 
of the first Substrate in the pixel region, the array element 
having a thin film transistor, a first electrode on the inner 
Surface of the first Substrate; an insulating layer on the first 
electrode at a boundary of the pixel region, a top Surface of 
the insulating layer has a hydrophobic property; an elec 
troluminescent layer on the first electrode in the pixel region, 
the electroluminescent material has a hydrophile property; a 
Second electrode on the electroluminescent layer, the Second 
electrode physically divides for an adjacent Second electrode 
at the boundary; and a connection electrode electrically 
connecting to the first and the Second Substrates. 
0030 Still, in another aspect, an organic electrolumines 
cent device, includes: first and Second Substrates facing and 
Spaced apart from each other, the first and Second Substrates 
having a pixel region; an array element on an inner Surface 
of the first Substrate in the pixel region, the array element 
having a thin film transistor, a first electrode on the inner 
Surface of the first Substrate; an insulating layer on the first 
electrode at a boundary of the pixel region; a separator on 
the insulating layer, the Separator has an inverted trapezoid 
shape Such that a width of the Separator gradually increases 
from a first Side to a Second Side of the Separator, the first 
Side is closer to the Substrate than the Second Side; an 
electroluminescent layer on the first electrode in the pixel 
region; a Second electrode on the electroluminescent layer, 
the Second electrode physically divides for an adjacent 
Second electrode at the boundary; and a connection electrode 
electrically connecting to the first and the second substrates. 
0031. It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. The accompanying drawings, which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and together with 
the description Serve to explain the principle of the inven 
tion. 

0033. In the drawings: 
0034 FIG. 1 is an energy band diagram of an organic 
ELD. 

0035 FIG. 2 is a schematic cross-sectional view of a 
bottom emission type organic ELD according to a related 
art. 

0036 FIG. 3 is an equivalent circuit diagram of an 
organic ELD according to the related art. 

0037 FIGS. 4A to 4F are schematic cross-sectional 
ViewS illustrating a fabrication process of an organic ELD 
including an inkjet-printing Step according to the related art. 

0038 FIG. 5 is a schematic cross-sectional view illus 
trating a dual plate organic ELD according to an embodi 
ment of present invention. 

0039 FIGS. 6A to 6E are schematic cross-sectional 
ViewS illustrating a fabricating process according to a first 
embodiment of present invention. 
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0040 FIGS. 7A to 7G are schematic cross-sectional 
ViewS illustrating a fabricating process according to a Second 
embodiment of present invention. 
0041 FIGS. 8A to 8E are schematic cross-sectional 
ViewS illustrating a fabricating proceSS according to a third 
embodiment of present invention. 
0042 FIGS. 9A to 9G are schematic cross-sectional 
ViewS illustrating a fabricating process according to a fourth 
embodiment of present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

0.043 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. 
0044 FIG. 5 is a schematic cross-sectional view illus 
trating a dual plate organic ELD according to an embodi 
ment of present invention. 
0045. In FIG. 5, a dual plate organic ELD 100 includes 

first and second Substrates 110 and 200 that face to each 
other and are Spaced apart from each other. In addition, the 
first and second substrates 110 and 200 have a plurality of 
pixel regions “P” An array element “TA” includes a plural 
ity of TFTs (not shown). Although not shown in FIG. 5, the 
array element “TA” may include gate lines, data lines 
crossing the gate lines, a Switching TFT connected to the 
gate and data line, a driving TFT connected to the Switching 
TFT, a power line connected to the driving TFT, and a 
storage capacitor. The Switching TFT and the driving TFT 
constitute a TFT. The TFT may be an amorphous silicon TFT 
or a poly-Silicon TFT. In addition, a plurality of connection 
electrodes 140 connected to the array elements “TA” are 
formed on the array elements “TA” in the pixel regions “P” 
The connection electrodes 140 are made of a conductive 
material. The connection electrodes 140 may be formed of 
multiple layers including an insulating pattern. The connec 
tion electrodes 140 may be connected to the array elements 
“TA' by an additional connection means. 
0.046 Meanwhile, a first electrode 202 is formed on an 
inner surface of the second substrate 200, an organic EL 
layer 210 is formed on the first electrode 202, and the 
organic EL layer 210 includes red, green and blue organic 
EL layers 210a, 210b and 210c. Each of the red, green and 
blue organic EL layers 210a, 210b and 210c is located in 
each of the pixel regions “P” A plurality of second elec 
trodes 220a are formed on the organic EL layer 210 in the 
pixel regions “P” In this embodiment, the first electrode 202 
functions as an anode, and the Second electrodes 220a 
function as a cathode. The first electrode 202 is made of a 
transparent conductive material Such as tin oxide (ITO), 
indium zinc oxide (IZO), indium tin zinc oxide (ITZO), or 
the like. The Second electrode 220a is made of an opaque 
conductive material Such as titanium (Ti), molybdenum 
(Mo), calcium (Ca), barium (Ba), or the like. 
0047 Although not shown in FIG. 5, the organic EL 
layer 210 includes a first carrier transporting layer contact 
ing the first electrode 202 and a Second carrier transporting 
layer contacting the Second electrodes 220a with an emitting 
layer therebetween. When the first electrode 202 functions 
as an anode and the Second electrodes 220a function as a 
cathode, the first carrier transporting layer may include a 
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hole injection layer and a hole transporting layer, and the 
Second carrier transporting layer may include a hole injec 
tion layer and a hole transporting layer. 
0048. The first and second electrodes 202 and 220a and 
the organic EL layer 210 constitute organic electrolumines 
cent diodes “Dr.” The second substrate 200 having the 
organic electroluminescent diodes "Di' and the first Sub 
strate 110 having the array elements “TA” are electrically 
connected through the connection electrodes 140. In par 
ticular, the connection electrode 140 connect the Second 
electrode 220a and the driving TFT (not shown). Therefore, 
the connection electrode 140 may provide the second elec 
trode 220a with a current supplied from the driving TFT. 
0049 Meanwhile, a seal pattern 150 is located at an edge 
of the first and second Substrate 110 and 200, and the first 
and second Substrates 110 and 200 are attached to each other 
with the seal pattern 150. 
0050. An organic EL device according to this embodi 
ment of the present invention is a dual plate type wherein the 
array element layer “TA” and the organic EL diode “D.' 
are formed on their respective Substrates and the connection 
electrode 140 connects the array element layer “TA” to the 
organic EL diode "D.' Various modifications and varia 
tions can be made in a structure of the TFT and a connecting 
method of the array layer and the organic EL diode "D.' 
Moreover, Since the organic EL device according to the 
present invention is a top emission type, a thin film transistor 
can be easily designed, and a high resolution and a high 
aperture ratio can be obtained. 
0051) Although not shown in FIG. 5, the organic EL 
layerS 210 may be separated each other by a separator or a 
hydrophobic insulating layer. Also, the Second electrodes 
220a may be physically Separated each other by a laser 
ablation, or electrically Separated each other by oxidation. In 
FIG. 5, since the dual plate type organic ELD is a top 
emission type, the Overall design of the array elements 
including TFTS may be simplified, and the aperture ratio can 
be increased, thereby increasing the operational lifetime of 
the organic ELD. 
0.052 FIGS. 6A to 6E are schematic cross-sectional 
ViewS illustrating a fabricating process according to a first 
embodiment of present invention. 
0053. In FIG. 6A, pixel regions “P” is defined in a 
Substrate 300. A first electrode 302 is formed on the Substrate 
300 including the pixel regions “P” The first electrode 302 
is made of a transparent conductive material Such as tin 
oxide (ITO), indium zinc oxide (IZO), indium tin zinc oxide 
(ITZO), or the like. Then, an insulating layer 304 is formed 
on the first electrode 302 at boundaries of the pixel regions 
“P” to prevent shorting between the first electrode 302 and 
a second electrode that will be formed later. Although not 
shown in FIG. 6A, the insulating layer 304 may be formed 
as one body in a plan view. In addition, the insulating layer 
304 may be formed by depositing and patterning Silicon 
nitride (SiNx) or silicon oxide (SiO2), or by coating and 
patterning polyimide. For example, a proceSS for patterning 
a polyimide layer may be a photolithography proceSS using 
a photo-resist pattern. 

0054 Then, an organic photosensitive material is coated 
on an entire surface of the insulating layer 304 and is 
patterned into separators 306 which have an inverted taper 
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shape, as illustrated in FIG. 6A. The inverted shape of the 
separators 306 may be formed by controlling an amount of 
an exposing light or Selecting types of organic photosensi 
tive materials. Then, an ink 352 including an organic elec 
troluminescent material is dispensed on the substrate 300 
including the separators 306 through an inkjet head 350 by 
an inkjet printing method, as shown in FIG. 6A. 

0055. In FIG. 6B, the ink dispensed on the substrate 300 
becomes an organic electroluminescent layer 310 including 
red, green and blue luminescence layers (not shown). 
Because the separators 306 are located at the boundaries of 
the pixel regions “P” color mixing, which may be caused by 
an overflow of the ink, can be prevented between neighbor 
ing pixel regions “P” 

0056. In FIG. 6C, a second electrode material layer 320 
is formed on an entire surface of the organic EL layer 310 
and the separators 306. The second electrode material layer 
320 is formed by depositing a metallic material having a low 
work function and a good reflectivity Such as titanium (TI), 
molybdenum (Mo), calcium (Ca), barium (Ba), or the like. 
However, when the organic electroluminescent layer 310 is 
formed by an inkjet-printing method, a pinning phenomenon 
occurs, which is caused by the Surface tension between the 
ink 352 (of FIG. 6A) and the separators 306. Due to the 
pinning phenomenon, it is difficult to divide the Second 
electrode material layer for each pixel region “P” In other 
words, the second electrode material layer 320 is undesir 
ably connected to each other throughout the pixel regions 
“P” Thus, in order to form a plurality of second electrodes 
in each pixel region, a pixellation Step of the Second elec 
trode material layer 320 is required. 
0057. In FIG. 6D, a mask “M” including light-transmit 
ting portions “M1' and light-shielding portions “M2” is 
disposed over the second electrode material layer 320 for a 
pixellation step. The light-transmitting portions “M1” cor 
respond to the boundaries of the pixel regions “P” and the 
light-shielding portions “M2” correspond to the pixel 
regions “P” Then, light 360 is irradiated onto a portion of 
the second electrode material layer 320 through the light 
transmitting portions “M1” of the mask “M” to oxidate the 
second electrode material layer 320 at the boundaries of the 
pixel regions “P” A source of the light 360 may be ultra 
violet (UV). As a result, a portion of the second electrode 
material layer 320 corresponding to the light-transmitting 
portions “M1' is oxidated by the incident light. 
0.058 With the oxidation process, the second electrode 
material layer 320 (of FIG. 6D) is divided into second 
electrodes 320a in the pixel regions “P” and a metal oxide 
layer 320b at the boundaries of the pixel regions “P” as 
shown in FIG. 6E. The metal oxide layer 320b is formed by 
oxidating the Second electrode material layer 320, and 
electrically Separate the Second electrodes 320a from each 
other. Accordingly, each of the Second electrodes 320a can 
have a stable pixel structure with the separators 306 and 
metal oxide layer 320b. 

0059 FIGS. 7A to 7G are schematic cross-sectional 
ViewS illustrating a fabricating process according to a Second 
embodiment of present invention. 
0060. In FIG. 7A, pixel regions “P” is defined in a 
Substrate 400. A first electrode 402 is formed on the Substrate 
400 including the pixel regions “P” The first electrode 402 
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is made of a transparent conductive material Such as tin 
oxide (ITO), indium zinc oxide (IZO) and indium tin Zinc 
oxide (ITZO), or the like. Then, an insulating layer 404a is 
formed on the first electrode 402 at boundaries of the pixel 
regions “P” to prevent shorting between the first electrode 
402 and second electrodes that will be formed later. 
Although not shown in FIG. 7A, the insulating layer 404a 
may be formed as one body in a plan view. In addition, the 
insulating layer 404a may be formed by depositing and 
patterning silicon nitride (SiNx) or silicon oxide (SiO2), or 
by coating and patterning polyimide. For example, the 
patterning Step may include a photolithography proceSS 
using a photo-resist pattern. 

0061 Then, in order for a surface of the first electrode 
402 to have a hydrophilic property, an entire surface of the 
insulating layer 404a is treated with O2 plasma. Although 
not shown in FIG. 7A, this O plasma process includes 
disposing the substrate 400 having the insulating layer 404a 
and the first electrode 402 in a vacuum chamber, and 
injecting a carrier gas Such as argon (Ar) and a Source gas 
Such as oxygen (O) to the vacuum chamber. An exemplary 
process condition for the O. plasma process is as follows. 
The flow rate between Ar and Oxygen is about 8:2, and the 
power supply is about 1,000 Watt (W) with about 50 Volts 
(V). The process time is about 30 seconds. 
0062). In FIG. 7B, in order for a surface of the insulating 
layer 404a to have a hydrophobic property, a mold 450 
having a Super hydrophobic property contacts a Surface of 
the insulating layer 404a. The mold 450 has a protruding 
portion 452 and a receded portion 454. The protruding 
portion 452 and the receded portion 454 are located over a 
portion of the insulating layer 404a and the pixel regions 
“P” respectively. The mold 450 may be manufactured by a 
molding proceSS and acts as a flexible mask. 
0063 A manufacturing process of the mold 450 will be 
explained hereinafter. A mixed liquid having polydimethyl 
siloxane (PDMS) and about 10% weight of a hardening 
agent is prepared, and a mold frame containing the mixed 
liquid is heated at about 90° C. The mold 450 is formed by 
hardening the mixed liquid in the mold frame. The mold 450 
formed by this process is called a PDMS mold. 
0064. In addition, a width of the protruding portion 452 
of the mold 450 is beneficially smaller than that of the 
insulating layer 404a. Accordingly, due to the width differ 
ence, the non-contacting portion of the insulating layer 404a 
has a hydrophilic property. For another example, the mold 
450 may be formed of one of elastomer materials having a 
hydrophobic property Such as polyurethane rubber instead of 
PDMS. In order for a portion of the insulating layer 404a to 
a hydrophobic property, the mold 450 contacts the portion of 
the insulating layer 404a under a temperature range between 
room temperature and about 100° C. for about 1 to 10 min. 
Only the portion of the insulating layer 404a contacted by 
the mold 450 becomes to have a hydrophobic property, and 
then the mold 450 is removed. 

0065) Next, as shown in FIG.7C, a solution type ink 462 
is dispensed on the substrate 400 having the hydrophobic 
insulating layer 404b by an inkjet-printing method. Specifi 
cally, the Solution type ink 462 is dispensed on the Substrate 
400 in the pixel regions “P” surrounded by the hydrophobic 
insulating layer 404b through an ink-jet head 460. Since the 
insulating layer 404b has a hydrophobic property, the solu 
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tion type ink 462 is located only in the pixel regions “P” not 
on the hydrophobic insulating layer 404b. 
0066. In FIG. 7D, the pixel regions “P” become to have 
a hydrophilic property by the O2 plasma treating described 
above, and a Surface of the hydrophobic insulating layer 
404b comes to have a hydrophobic property by the mold 450 
(of FIG. 7B) having a super hydrophobic property. After 
that, the solution type ink 462 (of FIG. 7C) is coated on the 
substrate 400 by the aforementioned inkjet-printing method. 
Because the Solution type ink 462 has a hydrophilic prop 
erty, it is coated in the pixel regions “P” but not on the 
hydrophobic insulating layer 404b. Accordingly, the solu 
tion type ink 462 (of FIG. 7C) that includes a luminescent 
material is not coated in the portion of the hydrophobic 
insulating layer 404b at the boundaries of the pixel regions 
“P” Thus, the solution type ink 462 (of FIG. 7C) can be 
patterned into red, green and blue organic electrolumines 
cent layers corresponding to the pixel regions “P” without 
a photolithography process. That is, each of the red, green 
and blue organic electroluminescent layerS is located in each 
pixel region “P” Therefore, color mixing can be prevented 
between neighboring pixel regions “P” Specifically, the 
solution type ink 462 (of FIG. 7C) is coated in the pixel 
regions “P” by moving the inkjet head 460 (of FIG.7C) or 
a nozzle (not shown) during the inkjet-printing. Thus, color 
mixing is prevented without an additional Separator using 
Surface property, thereby effectively forming the organic 
electroluminescent layer 410 only in the pixel regions “P” 
0067. In FIG. 7E, a second electrode material layer 420 

is formed on an entire Surface of the hydrophobic insulating 
layer 404b and the organic EL layers 410. The second 
electrode material layer 420 may be a metallic material 
having a low work function and a good reflectivity Such as 
titanium (TI), molybdenum (Mo), calcium (Ca), barium 
(Ba), or the like. 
0068 Referring to FIG. 7F, then, a mask “M” having a 
light-transmitting portion "M1" and a light-shielding portion 
“M2” is disposed over the substrate 400 having the second 
electrode material layer 420. AS the light-transmitting por 
tion "M1" is a region, which completely transmits light, it 
corresponds to a portion of the Second electrode material 
layer 420 that is in contact with the hydrophobic insulating 
layer 404b. On the other hand, as the light-shielding portion 
“M2” is a region, which completely shields light, it corre 
sponds to the other portion of the Second electrode material 
layer 420 that is on the pixel regions “P” AS light 470 is 
irradiated onto the substrate 400 having the second electrode 
material layer 420 through the mask “M,” the portion of the 
hydrophobic insulating layer 404b corresponding to the 
light-transmitting portions “M1' is exposed. The light 470 
has a desirable wavelength such as ultra violet (UV). 
0069. In FIG. 7G, the second electrode material layer 
420 is divided into second electrodes 420a in the pixel 
regions “P” and a metal oxide layer 420b at the boundaries 
of the pixel regions “P” The metal oxide layer may be 
formed as one body as observed in a plan view. The metal 
oxide layer 420b is formed by oxidating the second elec 
trode material layer 420, and the second electrodes 420a are 
electrically Separated each other by the metal oxide layer 
42Ob. 

0070 A dual plate ELD according to the second embodi 
ment of the present invention has a pixel Structure wherein 
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the organic electroluminescent layerS 410 are formed in each 
pixel region “P” by the hydrophobic insulating layer 404b 
without an additional mask process. AS the metal oxide layer 
420b corresponding to the hydrophobic insulating layer 
404b is oxidized by the light 470 (of FIG. 7F), the metal 
oxide layer 420b prevents shorting between the second 
electrodes 420 located in the neighboring pixel regions “P” 
Accordingly, the dual plate ELD has improved reliability 
and stability, and a fabrication process for the ELD can be 
Simplified, thereby reducing production cost. 

0071 FIGS. 8A to 8E are schematic cross-sectional 
ViewS illustrating a fabrication proceSS according to a third 
embodiment of present invention. 
0072. In FIG. 8A, pixel regions “P” is defined in a 
Substrate 500. A first electrode 502 is formed on the Substrate 
500 including the pixel regions “P” The first electrode 502 
is made of a transparent conductive material Such as indium 
tin oxide (ITO), indium zinc oxide (IZO), indium tin Zinc 
oxide (ITZO), or the like. Then, an insulating layer 504 is 
formed on the first electrode 502 at boundaries of the pixel 
regions “P” to prevent shorting between the first electrode 
502 and a second electrode that will be formed later. 
Although not shown in FIG. 8A, the insulating layer 504 
may be formed as one body as observed in a plan view. In 
addition, the insulating layer 504 may be formed by depos 
iting and patterning Silicon nitride (SiNX) or Silicon oxide 
(SiO2), or the insulating layer may be formed by coating and 
patterning polyimide. For example, a the patterning Step 
may be a photolithography process using a photo-resist 
pattern. 

0073. Then, an organic photosensitive material is coated 
on an entire surface of the insulating layer 504 and is 
patterned into separators 506 which have an inverted taper 
shape. The inverted shape of the separators 506 may be 
formed by controlling an amount of an exposing light or 
Selecting types of organic photosensitive materials. Then, an 
ink 552 is dispensed on the substrate 500 including the 
separators 506 through an inkjet head 550 by an inkjet 
printing method, as shown in FIG. 8A. 
0074) In FIG. 8B, the ink.552 dispensed on the substrate 
500 becomes an organic electroluminescent layer 510 
including red, green and blue luminescence layers (not 
shown). Because the separators 506 are located at the 
boundaries of the pixel regions “P” color mixing, which 
may be caused by an overflow of the ink.552 (of FIG. 8A), 
can be prevented between neighboring pixel regions “P” 
Although not shown in FIG. 8B, the organic EL layers 510 
includes the red, green and blue organic EL layers in each of 
the pixel regions “P” 

0075). In FIG. 8C, a second electrode material layer 520 
is formed on an entire surface of the organic EL layer 510 
and the separators 506. The second electrode material layer 
520 is formed by depositing a metallic material having a low 
work function and a good reflectivity Such as titanium (TI), 
molybdenum (Mo), calcium (Ca), barium (Ba), or the like. 
However, when the organic electroluminescent layer 510 is 
formed by an inkjet-printing method, a pinning phenomenon 
occurs, which is caused by the Surface tension between the 
ink 552 (of FIG. 8A) and the separators 506. Due to the 
pinning phenomenon, it is difficult to divide the Second 
electrode material layer 520 for each pixel region “P” In 
other words, the second electrode material layer 520 is 
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undesirably connected to each other throughout the pixel 
regions “P” Thus, in order to form a plurality of second 
electrodes in each pixel region, a pixellation Step of the 
second electrode material layer 520 is required. 
0076 FIG.8D illustrates a laser ablation process through 
which the second electrode material layer 520 is divided into 
a plurality of Second electrodes in each pixel region “P” A 
laser “L” for the laser ablation process has a wavelength 
such that the second electrode material layer 520 absorbs the 
laser “L.” The laser “L” is only irradiated to a portion of the 
Second electrode material layer 520 corresponding to the 
separators 506. Therefore, the irradiated portion of the 
second electrode material layer 520 melts and burns out. 
0077. As shown in FIG. 8E, the second electrode mate 

rial layer 520 (of FIG. 8D) is divided into a plurality of 
second electrodes 550a through the laser ablation process. 
Specifically, the portion of the Second electrode material 
layer 520 (of FIG. 8D) corresponding to the separators 506 
ablates and is removed by the laser “L” so that the second 
electrodes 550a can be formed in each pixel region “P” In 
comparison with the first embodiment, the Second electrode 
material layer 520 (of FIG. 8D) does not exist on the 
separator 506 after the process. In other words, the second 
electrodes 550a have an island shape (are isolated from each 
other). 
0078. In the laser ablation process, as the portion of the 
second electrode material layer 520 (of FIG. 8D) corre 
sponding the separators 506 is removed by the laser “L” the 
second electrode material layer 520 (of FIG. 8D) is pat 
terned into the second electrodes 550a without an additional 
patterning Step, thereby obtaining a dual plate type ELD 
with improved reliability. Furthermore, the step of forming 
the second electrodes 550a does not require a photo-mask, 
thereby reducing the number of manufacturing process and 
manufacturing cost. Accordingly, the Second electrodes 
520a can be patterned through the ablating process without 
an additional mask process, thereby reducing production 
COSt. 

007.9 FIGS. 9A to 9G are schematic cross-sectional 
ViewS illustrating a fabricating process according to a fourth 
embodiment of present invention. 
0080. In FIG. 9A, pixel regions “P” is defined in a 
Substrate 600. A first electrode 602 is formed on the Substrate 
600 including the pixel regions “P” The first electrode 602 
is made of a transparent conductive material Such as indium 
tin oxide (ITO), indium zinc oxide (IZO), indium tin Zinc 
oxide (ITZO), or the like. Then, an insulating layer 604a is 
formed on the first electrode 602 at boundaries of the pixel 
regions “P” to prevent shorting between the first electrode 
602 and second electrode that will be formed later. Although 
not shown in FIG. 9A, the insulating layer 604a may be 
formed as one body as observed in a plan view. In addition, 
the insulating layer 604a may be formed by depositing and 
patterning silicon nitride (SiNx) or silicon oxide (SiO2), or 
by coating and patterning polyimide. For example, the 
patterning Step may includes a photolithography proceSS 
using a photo-resist pattern. 

0081. Then, in order for a surface of the first electrode 
602 to have a hydrophilic property, an entire surface of the 
insulating layer 604a is treated with O2 plasma. Although 
not shown in FIG. 9A, this O plasma includes disposing the 
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substrate 600 having the insulating layer 604a and the first 
electrode 602 in a vacuum chamber, and injecting a carrier 
gas Such as argon (Ar) and a Source gas Such as Oxygen (O2) 
to the vacuum chamber. An exemplary proceSS condition for 
the O2 plasma proceSS is as follows. The flow rate between 
Ar and Oxygen is about 8:2, and the power Supply is about 
1,000 Watt (W) with about 50 Volts (V). The process time is 
about 30 seconds. 

0082 In FIG.9B, in order for a surface of the insulating 
layer 604a to have a hydrophobic property, a mold 650 
having a Super hydrophobic property contacts a Surface of 
the insulating layer 604a. The mold 650 has a protruding 
portion 652 and a receded portion 654. The protruding 
portion 652 and the receded portion 654 are located over a 
portion of the insulating layer 604a and the pixel regions 
“P” respectively. The mold 650 may be manufactured by a 
molding proceSS and acts as a flexible mask. 
0083) A manufacturing process of the mold 650 will be 
explained hereinafter. A mixed liquid having polydimethyl 
siloxane (PDMS) and about 10% weight of a hardening 
agent is prepared, and a mold frame containing the mixed 
liquid is heated at about 90° C. The mold 650 is formed by 
hardening the mixed liquid in the mold frame. The mold 650 
formed by this process is called a PDMS mold. 
0084. In addition, a width of the protruding portion 652 
of the mold 650 is beneficially smaller than that of the 
insulating layer 604a. Accordingly, due to the width differ 
ence, the non-contacting portion of the insulating layer 604a 
has a hydrophilic property. For another example, the mold 
650 may be formed of one of elastomer materials having a 
hydrophobic property Such as polyurethane rubber instead of 
PDMS. In order for a portion of the insulating layer 404a to 
a hydrophobic property, the mold 450 contacts the portion of 
the insulating layer 404a under a temperature range between 
room temperature and 100° C. for about 1 to 10 min. Only 
the portion of the insulating layer 604a contacted by the 
mold 650 becomes to have a hydrophobic property, and then 
the mold 650 is removed. 

0085) Next, as shown in FIG. 9C, a solution type ink 662 
is dispensed on the substrate 600 having the hydrophobic 
insulating layer 604b by an inkjet-printing method. Specifi 
cally, the Solution type ink 662 is dispensed on the Substrate 
600 in the pixel regions “P” surrounded by the hydrophobic 
insulating layer 604b through an inkjet head 660. Since the 
insulating layer 604b has a hydrophobic property, the solu 
tion type ink 662 is located only in the pixel regions “P” not 
on the hydrophobic insulating layer 604b. 

0086). In FIG. 9D, the pixel regions “P” come to have a 
hydrophilic property by the O. plasma treating described 
above, and a Surface of the hydrophobic insulating layer 
604b comes to have a hydrophobic property by the mold 650 
(of FIG. 9B) having a super hydrophobic property. After 
that, a Solution type ink 662 including a luminescent mate 
rial is coated on the Substrate 600 by an inkjet-printing 
method. Because the solution type ink 662 has a hydrophilic 
property, it is coated in the pixel regions “P” but not on the 
hydrophobic insulating layer 604b. Accordingly, the solu 
tion type ink 662 is not coated in the portion of the 
hydrophobic insulating layer 604b at the boundaries of the 
pixel regions “P” Thus, the solution type ink 662 can be 
patterned into red, green and blue organic electrolumines 
cent layers corresponding to the pixel regions “P” without 



US 2005/0142974 A1 

a photolithography process. That is, each of the red, green 
and blue organic electroluminescent layerS is located in each 
pixel region “P” Therefore, color mixing can be prevented 
between neighboring pixel regions “P” Specifically, the 
solution type ink 662 is coated in the pixel regions “P” by 
moving the inkjet head 660 or a nozzle (not shown) during 
the inkjet-printing. Thus, color mixing is prevented without 
an additional using Surface property, thereby effectively 
forming the organic electroluminescent layer 610 only in the 
pixel regions “P” 
0087. In FIG. 9E, a second electrode material layer 620 

is formed on an entire Surface of the hydrophobic insulating 
layer 604b and the organic EL layers 610. The second 
electrode material layer 620 may be a metallic material 
having a low work function and a good reflectivity Such as 
titanium (TI), molybdenum (Mo), calcium (Ca), barium (Ba) 
or the like. 

0088. In FIG.9F, the second electrode material layer 620 
at the boundaries of the pixel regions “P” is ablated by a 
laser “L.” The laser “L” has a wavelength such that the 
second electrode material layer 620 absorbs the laser “L.” 
Thus, the ablated second electrode material layer 620 melts 
Simultaneously under a high temperature, and the ablated 
second electrode material layer 620 portion is removed. 
0089. In FIG. 9G, second electrodes 620a are formed by 
the ablating process of the Second electrode material layer 
620 (of FIG.9F) in the pixel regions “P” Accordingly, the 
Second electrodes 620a can be patterned through the ablat 
ing process without an additional mask process, thereby 
reducing production cost. 
0090 An organic ELD and a method of fabrication 
thereof according to the present invention results in Several 
advantages. First, the organic EL layers for organic ELD can 
be formed by Separators having an inverted trapezoid shape 
or a hydrophobic insulating layer without the color mixing 
problem. Second, the Second electrodes of the organic ELD 
can be electrically patterned by oxidizing a metal oxide at 
boundaries of the pixel region, or can be physically pat 
terned by an ablating process using a laser, thereby simpli 
fying manufacturing process and increasing productivity 
with low production cost. Furthermore, a dual plate type 
organic ELD according to the present invention is more 
reliable and stable. 

0091. It will be apparent to those skilled in the art that 
various modifications and variation can be made in the 
present invention without departing from the Spirit or Scope 
of the invention. Thus, it is intended that the present inven 
tion cover the modifications and variations of this invention 
provided they come within the Scope of the appended claims 
and their equivalents. 
What is claimed is: 

1. A method of fabricating a Substrate for an organic 
electroluminescent device, comprising: 

forming a first electrode on a Substrate having a pixel 
region; 

forming an insulating layer on the first electrode at a 
boundary of the pixel region; 

forming an electroluminescent layer on the first electrode 
in the pixel region by printing a Solution type elec 
troluminescent material; 
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forming a Second electrode material layer on an entire 
Surface of the Substrate having the electroluminescent 
layer and the insulating layer; and 

oxidizing the Second electrode material layer at the 
boundary of the pixel region to form a Second electrode 
in the pixel region and a metal oxide layer at the 
boundary of the pixel region. 

2. The method according to claim 1, further comprising 
forming a hydrophobic Surface of the insulating layer by a 
hydrophobic treatment, wherein the electroluminescent 
material has a hydrophilic property. 

3. The method according to claim 2, wherein the Second 
electrode has a height corresponding to a height of the 
insulating layer. 

4. The method according to claim 2, wherein the insulat 
ing layer includes one of polyimide, Silicon nitride (SiNX) 
and silicon oxide (SiO2). 

5. The method according to claim 4, wherein the insulat 
ing layer is formed by a photolithography proceSS using a 
photo-resist pattern. 

6. The method according to claim 1, wherein the first 
electrode is formed of one of indium tin oxide (ITO), indium 
Zinc oxide (IZO) and indium tin zinc oxide (ITZO). 

7. The method according to claim 1, wherein the elec 
troluminescent layer is formed by an inkjet-printing method. 

8. The method according to claim 1, further comprising: 
forming a separator on the insulating layer, wherein the 

Separator has an inverted trapezoid shape Such that a 
width of the Separator gradually increases from a first 
Side to a Second Side of the Separator, the first Side is 
closer to the Substrate than the Second Side. 

9. The method according to claim 8, wherein the separator 
is formed by depositing and patterning an organic photo 
Sensitive material. 

10. The method according to claim 1, wherein the second 
electrode material layer includes one of titanium (Ti), 
molybdenum (Mo), calcium (Ca) and barium (Ba). 

11. The method according to claim 1, wherein the Step of 
oxidizing comprises: 

preparing a mask including a light-transmitting portion 
corresponding to the boundary of the pixel region and 
a light-shielding portion corresponding to the pixel 
region; 

irradiating light to the Second electrode material layer in 
the boundary of the pixel region through the light 
transmitting portion of the mask, and 

oxidizing the Second electrode material layer correspond 
ing to the light-transmitting portion of the mask. 

12. The method according to claim 11, wherein the light 
includes ultra Violet light. 

13. The method according to claim 2, wherein the insu 
lating layer has the hydrophobic property by being in contact 
with polydimethylsiloxane (PDMS). 

14. The method according to claim 13, wherein the 
insulating layer is in contact with the PDMS for about 1 
minute to 10 minutes. 

15. The method according to claim 2, further comprising 
treating an entire Surface of the insulating layer with oxygen 
(O) plasma in a vacuum chamber before the hydrophobic 
treatment. 

16. A method of fabricating a Substrate for an organic 
electroluminescent device, comprising: 
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forming a first electrode on a Substrate having a pixel 
region; forming a insulating layer on the first electrode 
at a boundary of the pixel region; 

forming an electroluminescent layer on the first electrode 
in the pixel region by printing a Solution type elec 
troluminescent material; 

forming a Second electrode material layer on an entire 
Surface of the Substrate having the electroluminescent 
layer and the insulating layer; and 

ablating the Second electrode material layer at the bound 
ary by a laser to form a Second electrode in the pixel 
region. 

17. The method according to claim 16, further comprising 
forming a hydrophobic Surface of the insulating layer by a 
hydrophobic treatment, wherein the electroluminescent 
material has a hydrophilic property. 

18. The method according to claim 16, wherein the second 
electrode has a height corresponding to a height of the 
insulating layer. 

19. The method according to claim 17, wherein the 
insulating layer includes one of polyimide, Silicon nitride 
(SiNx) and silicon oxide (SiO2). 

20. The method according to claim 19, wherein the 
insulating layer is formed by a photolithography proceSS 
using photo-resist pattern. 

21. The method according to claim 16, wherein the first 
electrode is formed of one of indium tin oxide (ITO), indium 
Zinc oxide (IZO) and indium tin zinc oxide (ITZO). 

22. The method according to claim 16, wherein the 
electroluminescent layer is formed by an inkjet-printing 
method. 

23. The method according to claim 16, further compris 
Ing: 

forming a separator on the insulating layer, wherein the 
Separator has an inverted trapezoid shape Such that a 
width of the Separator gradually increases from a first 
Side to a Second Side of the Separator, the first Side is 
closer to the Substrate than the Second Side. 

24. The method according to claim 23, wherein the 
Separator is formed by depositing and patterning an organic 
photoSensitive material. 

25. The method according to claim 16, wherein the second 
electrode material layer includes one of titanium (Tl), 
molybdenum (Mo), calcium (Ca) and barium (Ba). 

26. The method according to claim 16, wherein the Step 
of oxidizing comprises: 

preparing a mask including a light-transmitting portion 
corresponding to the boundary of the pixel region and 
a light-shielding portion corresponding to the pixel 
region; 

irradiating light to the Second electrode material layer in 
the boundary of the pixel region through the light 
transmitting portion of the mask, and 

Oxidizing the Second electrode material layer correspond 
ing to the light-transmitting portion of the mask. 

27. The method according to claim 26, wherein the light 
includes ultra Violet light. 

28. The method according to claim 17, wherein the 
insulating layer has the hydrophobic property by being in 
contact with polydimethylsiloxane (PDMS). 
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29. The method according to claim 28, wherein the 
insulating layer is in contact with the PDMS for about 1 
minute to 10 minutes. 

30. The method according to claim 17, further comprising 
treating an entire Surface of the insulating layer with oxygen 
(O) plasma in a vacuum chamber before the hydrophobic 
treatment. 

31. The method according to claim 16, wherein the laser 
has an energy density Such that the Second electrode material 
layer is melted Simultaneously. 

32. A method of fabricating an organic electroluminescent 
device, comprising: 

forming an array element on a first Substrate having a 
pixel region, the array element having a thin film 
transistor; 

forming a first electrode on a Second Substrate in the pixel 
region; 

forming an insulating layer on the first electrode at a 
boundary of the pixel region; 

forming an electroluminescent layer on the first electrode 
in the pixel region by printing a Solution type elec 
troluminescent material; 

forming a Second electrode material layer on an entire 
Surface of the Second Substrate having the electrolumi 
neScent layer and the insulating layer; 

forming a second electrode in the pixel region by sepa 
rating the Second electrode material layer; 

forming a connection electrode on one of the first and 
Second Substrate, and 

attaching the first Substrate to the Second Substrate with a 
Sealant, the first Substrate electrically connected to the 
Second Substrate by the connection electrode. 

33. The method according to claim 32, further comprising 
forming a hydrophobic Surface of the insulating layer by a 
hydrophobic treatment, and the electroluminescent material 
has a hydrophilic property. 

34. The method according to claim 32, further compris 
Ing: 

forming a separator on the insulating layer, wherein the 
Separator has an inverted trapezoid shape Such that a 
width of the Separator gradually increases from a first 
Side to a Second Side of the Separator, the first Side is 
closer to the Substrate than the Second Side. 

35. The method according to claim 32, wherein the second 
electrode material layer is electrically divided by oxidizing 
the Second electrode material at the boundary of the pixel 
region. 

36. The method according to claim 32, wherein the second 
electrode material layer is physically divided by ablating the 
Second electrode material at the boundary by a laser. 

37. An organic electroluminescent device, comprising: 
a first electrode on a Substrate having a plurality of pixel 

regions; 

an insulating layer on the first electrode at boundaries of 
the pixel regions, 

a plurality of electroluminescent layers on the first elec 
trode in the pixel region; 
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a plurality of Second electrodes on the electroluminescent 
layers, and 

a metal oxide layer on the insulating layer, the Second 
electrodes are electrically divided from each other by 
the metal oxide layer. 

38. The device according to claim 37, wherein a top 
Surface of the insulating layer has a hydrophobic property, 
and the electroluminescent layerS have a hydrophilic prop 
erty. 

39. The device according to claim 38, wherein the second 
electrodes have a height corresponding to a height of the 
insulating layer. 

40. The device according to claim 37, further comprising 
a plurality of Separators on the insulating layer, wherein the 
Separators have an inverted trapezoid shape Such that a 
width of the Separator gradually increases from a first Side to 
a Second Side of the Separator, the first Side is closer to the 
Substrate than the Second Side. 

41. An organic electroluminescent device, comprising: 
a first electrode on a Substrate having a plurality of pixel 

regions, 
an insulating layer on the first electrode at boundaries of 

the pixel regions, a top Surface of the insulating layer 
has a hydrophobic property; 

a plurality of electroluminescent layers on the first elec 
trode in the pixel regions, the electroluminescent layers 
has a hydrophilic property; and 

a plurality of Second electrodes on the electroluminescent 
layers, the Second electrodes are physically divided 
from each other. 

42. The device according to claim 41, wherein the Second 
electrodes have a height corresponding to a height of the 
insulating layer. 

43. An organic electroluminescent device, comprising: 
a first electrode on a Substrate having a pixel region; 
an insulating layer on the first electrode at a boundary of 

the pixel region; 
a separator on the insulating layer, the Separator has an 

inverted trapezoid shape Such that a width of the 
Separator gradually increases from a first Side to a 
Second Side of the Separator, the first Side is closer to the 
Substrate than the Second Side; 

an electroluminescent layer on the first electrode in the 
pixel region; and 

a Second electrode on the electroluminescent layer, the 
Second electrode physically is divided into an adjacent 
Second electrode at the boundary. 

44. An organic electroluminescent device, comprising: 
first and Second Substrates facing and Spaced apart from 

each other, the first and Second Substrates having a pixel 
region; 

an array element on an inner Surface of the first Substrate 
in the pixel region, the array element having a thin film 
transistor; 

a first electrode on the inner Surface of the first Substrate; 
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an insulating layer on the first electrode at a boundary of 
the pixel region; 

an electroluminescent layer on the first electrode in the 
pixel region; 

a Second electrode on the electroluminescent layer; 
a metal oxide layer on a top Surface of the insulating layer, 

the Second electrode electrically is divided into an 
adjacent Second electrode by the metal oxide layer; and 

a connection electrode electrically connecting to the first 
and the Second Substrates. 

45. An organic electroluminescent device, comprising: 
first and Second Substrates facing and Spaced apart from 

each other, the first and Second Substrates having a pixel 
region; 

an array element on an inner Surface of the first Substrate 
in the pixel region, the array element having a thin film 
transistor; 

a first electrode on the inner Surface of the first Substrate; 
an insulating layer on the first electrode at a boundary of 

the pixel region, a top Surface of the insulating layer has 
a hydrophobic property; 

an electroluminescent layer on the first electrode in the 
pixel region, the electroluminescent material has a 
hydrophile property; 

a second electrode on the electroluminescent layer, the 
Second electrode physically is divided into an adjacent 
Second electrode at the boundary, and 

a connection electrode electrically connecting to the first 
and the Second Substrates. 

46. An organic electroluminescent device, comprising: 
first and Second Substrates facing and Spaced apart from 

each other, the first and Second Substrates having a pixel 
region; 

an array element on an inner Surface of the first Substrate 
in the pixel region, the array element having a thin film 
transistor; 

a first electrode on the inner Surface of the first Substrate; 
an insulating layer on the first electrode at a boundary of 

the pixel region; 
a separator on the insulating layer, wherein the Separator 

has an inverted trapezoid shape Such that a width of the 
Separator gradually increases from a first Side to a 
Second Side of the Separator, the first Side is closer to the 
Substrate than the Second Side; 

an electroluminescent layer on the first electrode in the 
pixel region; 

a Second electrode on the electroluminescent layer, the 
Second electrode physically is divided into an adjacent 
Second electrode at the boundary, and 

a connection electrode electrically connecting to the first 
and the Second Substrates. 


